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ABSTRACT
Introduction: Sternal fractures are a painful
condition which can result in pulmonary
morbidity if not treated promptly. The
management of isolated fractures has changed
from hospital to home-based treatment,
provided other major injuries have been
excluded. Pain management is the mainstay of
treatment. In this case report, we describe how a
parasternal block under ultrasound guidance for
sternal fracture provided better analgesia
thereby improving ventilation.
Case report: A 26-year-old man was admitted
to the emergency department following a road
traffic accident. His initial evaluation revealed a
radio-cubital displaced fracture at the elbow
level with severe tenderness over the sternum.
Chest X-ray on admission did not reveal any
abnormality. On preoperative checkup he was
found to have altered chest mechanics with
severe pain and tenderness over the sternum.
Arterial blood gas (ABG) analysis showed
respiratory acidosis. Pulmonary electrical
impedance tomography showed
hypoventilation of anterior portions of both
lungs. An ultrasound examination of the
sternum showed a fractured sternum with
complete disjunction. An ultrasound-guided
bilateral parasternal block was performed
which resulted in efficient analgesia and
thereby improved his ventilation as indicated
by the improvement in ABG.
Conclusion: Timely and proper analgesia can
reduce the pulmonary morbidity in sternal
fractures. Of the various analgesic techniques,
parasternal block under ultrasound guidance is
a relatively simple, safe, and target-specific
procedure that can provide efficient pain relief.
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INTRODUCTION
Sternum fracture is a painful condition resulting
most commonly from deceleration injury or
blunt thoracic trauma. Direct impact sports,
vehicle to pedestrian collision, falls, and
assaults account for the remaining causes [1].
A current trend in the management of isolated
sternal fractures is to discharge the patient at
the earliest opportunity if electrocardiogram
(ECG), echocardiography, chest computed
tomography (CT) scan, and cardiac enzymes
are normal [2]. Optimal analgesia is the main
modality of treatment of these fractures in order
to limit the development of pulmonary
complications secondary to impairment of
spontaneous ventilation and to allow painless
noninvasive ventilation if needed.
In this case report, a prompt, timely
management of pain with a simple regional
analgesic technique, the parasternal block, was
highlighted. Pain relief management and
improvement of patient’s ventilation
parameters are discussed.
CASE REPORT
A 26-year-old man was admitted to the
emergency department following a road traffic
accident. He had a Glasgow Coma Scale score of
15. The surgeon diagnosed a radio-cubital
displaced fracture at the elbow with no
obvious neurologic or vascular injuries. The
patient complained about chest pain rated 8 out
of 10 on a visual analogue scale (VAS). On
further evaluation, tenderness over the upper
sternum with no ecchymosis/subcutaneous
emphysema was noted. Chest X-ray at the
time of admission did not reveal any
abnormality. Electrocardiogram showed
tachycardia. Troponin levels were within
normal values. The patient received diclofenac
75 mg and morphine 6 mg intravenously. The
VAS score decreased to 4/10. Intravenous
paracetamol 1 g every 6 h and diclofenac
75 mg every 12 h were prescribed. He was
posted for open reduction internal fixation of
the lower third humerus electively, after 8 h.
At the pre-operative checkup, the patient
was clinically having shallow breathing, with
altered chest mechanics and tachycardia. Pulse
oximetry value was noted at 94% using a high
concentration oxygen mask with a flow at 10 L/
min (fraction of inspired oxygen [FiO2] at 80%).
A severe pain with tenderness over the sternum
was still present. Arterial blood gas (ABG)
analysis noted an acute respiratory acidosis
(Table 1). An ultrasound examination was
performed, which revealed a sternal fracture
between the third and fourth ribs (Fig. 1) with
Table 1 Patient’s arterial blood gas values before and after
parasternal block
Pre-block Post-block
FiO2 (%) 80 21
pH 7.212 7.349
pCO2 (mmHg) 65.7 45.4
pO2 (mmHg) 62.1 98.4
pO2/FIO2 77.6 488.5
cNa? (mmol/L) 136 136
cK?(mmol/L) 4.5 4.5
cLac (mg/dL) 9 9
ctHb (g/dL) 12.8 12.6
cGlu (mg/dL) 150 164
HCO3
- (mmol/L) 20.2 25.5
SBEc (mmol/L) -3.3 -1
cGlu concentration of glucose, cK? concentration of
potassium, cLac concentration of lactate, cNa?
concentration of sodium, ctHb concentration of total
hemoglobin, FiO2 fraction of inspired oxygen, HCO3
-
bicarbonate concentration, pCO2 partial pressure of carbon
dioxide, pO2 partial pressure of oxygen, SBEc standard base
excess (corrected)
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complete disjunction, exposing the pericardium
(see Video 1 in the supplementary material).
The patient was connected to a pulmonary
electrical impedance tomography (EIT) monitor
(Pulmovista 500, Dragger Lubeck, Germany), a
noninvasive, real-time imaging modality which
measures global and regional changes in lung
volume at the bedside. EIT showed
hypoventilation of the basal-anterior portions
of both right and left lungs with just 1% of tidal
volume being distributed within these parts
(Fig. 2a).
A bilateral parasternal block was performed,
after obtaining the patient’s informed consent,
taking into consideration the post-injury pain,
hypoventilation, acute respiratory acidosis, and
Fig. 1 Longitudinal ultrasound scan of the sternum
showing the fracture with complete disjunction and
visualizing the pericardium
Fig. 2 Pulmonary electrical impedance tomography (EIT)
monitoring of the patient. showing a hypoventilation of the
anterior portions of both right and left lungs with just 1%
tidal volume being distributed to both anterior regions and
b improved ventilation in the anterior zones (11%) after
the parasternal block
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EIT data. Blocks were performed on the lower
border of the 3rd rib and upper border of the
4th rib under ultrasound guidance using a
linear probe (linear 12L probe of a GE Logic E
B12 ultrasound machine) (Fig. 3; see also
Video 2 in the supplementary material). The
ultrasound scan was performed from lateral to
medial in the intercostal space. The intercostal
muscles and pleura were identified along the
lower border of the rib. At the lateral border of
the sternum, internal thoracic vessels lying
anterior to transverse thoracic muscle are
identified. The needle is inserted in-plane to
follow its tip perfectly to prevent
pneumothorax or pericardium puncture. Four
milliliters of ropivacaine 0.75% was injected
beyond the internal intercostal muscles,
anterior to the transversus thoracic muscle to
block the terminal anterior branch of the
intercostal nerve and spread to the
perivascular sympathetic plexus. The collateral
nerve was blocked by another injection at the
upper border of the lower rib. A total volume of
16 mL ropivacaine 0.75% was injected (8 mL on
both sides). After 10 min, the patient’s clinical
condition improved significantly with a pain
score at 0/10 at rest and on sternal pressure.
Pulse oximetry improved to 100% on room air
and EIT showed improved ventilation in the
anterior zones (from 1% to 11%; Fig. 2b). We
noted a correction of the respiratory acidosis
(Table 1). The patient remained comfortable till
he was taken up for open reduction internal
fixation of the elbow fracture, under
supraclavicular brachial plexus block
supplemented with general anesthesia in the
prone position, 8 h after the parasternal block.
Postoperative analgesia was maintained with
paracetamol 1 g intravenously every 6 h and
parecoxib 40 mg intravenously every 12 h. The
patient remained stable in the postoperative
period. On a postoperative visit, 6 h after the
surgery, a pain score of 3/10 on a VAS on sternal
pressure was noted and lack of any further effect
of the block was highlighted by normal sensory
cutaneous testing (pin prick and cold
perception). The patient remained
comfortable throughout the postoperative
period without any breathing difficulty. He was
discharged on the second postoperative day
with oral analgesics and follow-up instructions.
Informed consent was obtained from the
patient for being included in this case report.
DISCUSSION
In this case report, complete pain relief after a
sternal fracture was obtained with a simple
bilateral parasternal block. The block improved
the patient’s ventilation and blood gas values
with optimal pain relief during the
perioperative period. To the authors’
knowledge, this is the first description on the
parasternal block in sternal fracture
perioperative management.
Sternal fracture is a common injury often
associated with fractures of vertebrae, most
commonly thoracic [3, 4]. Oyetunji et al. [5]
Fig. 3 Parasternal block injection of the intercostal nerve
lower border of the rib lateral to the sternal border
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in an analysis of 23,985 trauma bank records in
the USA reported 21.6% association with
thoracic vertebra fracture and 16.9% with
lumbar vertebra fractures. The overall
mortality of sternal fractures is 0.7% but the
mortality may increase to 10% in the presence
of other associated injuries [6, 7]. Sternocostal
disruptions with minimal disruption and
displacement are often missed in chest
radiographs. As in our case, ultrasound
diagnosis of sternal fracture is a better guide,
performed quickly and accurately at the bedside
[8, 9]. Reissig et al. [10] systematically reviewed
the role of ultrasound in emergencies and
showed that it is a handy tool in diagnosing
thoracic emergencies. Patients have
post-trauma chest pain that can last for
8–12 weeks [11]. Pain can result in impaired
ventilation leading to pulmonary morbidity.
Management of pain is the mainstay of
treatment of all sternal fractures along with
adequate rest and breathing exercises. Fixation
is not routinely indicated. Proper analgesia and
respiratory care can reduce the early morbidity
and outcome to a great extent [11, 12]. Studies
on thoracic trauma with rib fractures also
showed that proper analgesia can reduce the
morbidity and mortality and lead to
improvement in ventilatory parameters
[13–15]. Systemic opioids are commonly used
as first-line analgesics. They reduce pain scores
and can improve vital capacity but their use can
also result in respiratory depression due to
central effects and/or in paradoxical breathing
[16]. Thoracic epidural block and paravertebral
block are also found to be effective. These
blocks are more invasive and may have a
higher incidence of complication when
compared to intercostal block [17]. The body
of the sternum is supplied largely by anterior
branches of the intercostal nerves and
sympathetic plexus around the internal
thoracic artery. In addition, a collateral branch
of an intercostal nerve which arises at the angle
of the rib and runs along the upper border of the
rib may also contribute to innervation. An
intercostal nerve lies deep to the internal
intercostal membrane and internal intercostal
muscle and superficial to the innermost
intercostal muscle in the subcostal groove of
the corresponding rib. Anteriorly the nerve lies
directly on the pleura except where transverse
thoracic and internal thoracic vessels go close to
the sternum (Figs. 4, 5). Anatomy explains
clearly why the bilateral parasternal block is
effective. The main risk of the parasternal block,
which is a type of intercostal block, is
pneumothorax and/or pericardial puncture
due to poor imaging technique or poor
visualization of needle tip during the block
procedure [17]. Parasternal blocks should be
done by a skilled physician using ultrasound
guidance [17]. Wilson et al. [18] described
Fig. 4 Anterior view of the parasternal neuromuscular
anatomy. A external intercostal muscle, B internal inter-
costal muscle, C external intercostal membrane, D internal
thoracic artery and vein, E sternum
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ultrasound-guided hematoma block for sternal
fracture pain management and found it to be
effective, but parasternal block is more target
specific. Using ultrasound guidance, parasternal
block is easy to perform and gives pain relief for
6–8 h. In our patient it lasted more than the
expected duration. This may have been due to
abolition by the block of the initial hyperalgesic
response as a result of the trauma and the
spread of local anesthetics to the sympathetic
afferents. Studies on the effect of parasternal
block for sternotomy pain after cardiac surgery
reported a reduction in the postoperative opioid
requirement, a facilitated early extubation, and
an improvement in oxygenation in the
postoperative period [19–21].
EIT was used to visualize the ventilation
distribution disturbances due to the pain and
the effect of the pain relief. In recent studies EIT
has been of interest in elucidating the
topographic distribution of tidal ventilation in
different respiratory distress syndromes [22, 23].
Some limitations should be reported. First,
because of the need for antiseptic conditions
during the performance of the parasternal
blockade, the electrode belt was removed and
replaced. The rotation of the belt was opposite
in the post-block analysis causing the dressing
to prevent the electrodes from adopting the
strictly same position. In an offline correction of
the rotated position of the belt of electrodes, the
significant changes in basal-anterior parts of the
lung still remained. Secondly, despite the fact
that the diaphragm movement goes distally and
laterally pushing the abdomen content and the
basal and lateral parts of the chest, pain-related
avoidance of chest movement during
inspiration and, thereby, predominance of
abdominal movement might have created a
general reduction of tidal volume and a
disproportionate reduction in relative
ventilation of the ventral lung regions (mainly
related to activation of external intercostal
muscles). However, these analyses will be
questionable if the absolute tidal volumes were
not measured.
CONCLUSIONS
In this case report, a patient with a mid-sternal
fracture and disjunction benefited from a
single-shot bilateral parasternal block which
provided optimal pain relief and improved
ventilation parameters and blood gas values.
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